###### Strengths and limitations of this study

-   Through semistructured interviews with survivors and caregivers, we investigated patient-reported outcome (PRO) contents for paediatric cancer survivors by referring to the contents of the Patient-Reported Outcomes Measurement Information System paediatric measures.

-   This study used standard qualitative methods to collect, transcribe and code PRO interview data, followed by quantitative methods to compare frequencies/amounts of specific PRO concepts elicited by cancer survivors and caregivers.

-   Although this study generated new PRO items based on emerging concepts related to paediatric cancer survivorship, psychometric properties and clinical validity of PRO items and measures were not evaluated, which is warranted in future research.

-   Our study samples were recruited from a cancer centre alone and are not representative of all survivors of childhood cancer.

Introduction {#s1}
============

The 5-year survival rate of children with cancer currently exceeds 80%.[@R1] However, toxic treatment modalities can cause late effects, including chronic health conditions,[@R2] second cancers,[@R4] physical and neuropsychological deficits,[@R6] poor patient-reported outcomes (PROs),[@R8] and premature mortality.[@R10] In contrast to conventional metrics (eg, laboratory tests, clinical evaluations and progression-free survival), PROs capture unique clinical endpoints important to survivors, such as symptoms and health-related quality of life (HRQOL). Systematic reviews report that physical, psychological and social PROs of child/adolescent cancer survivors overall are comparable with those of healthy counterparts but inferior if they experience late effects.[@R12] Symptom complications and HRQOL deficits can worsen as survivors age, concurrent with the development of chronic health conditions.[@R2]

Obtaining PROs from child/adolescent survivors can be challenging, and caregivers are involved in this process if young age, and hearing, vision or cognitive deficits affect survivors' understanding of questions.[@R14] Survivors' PROs as perceived by caregivers are highly valued in the shared decision-making process with clinicians,[@R17] and viewpoints between survivors and caregivers may differ.[@R18] How interview data collected from survivors and caregivers could be used to improve PRO content validity is unclear, and whether PRO concepts perceived by survivors and caregivers are sensational or supplemental is understudied. Using standard questionnaires, caregivers likely report significantly worse PRO scores for their childhood cancer survivors than survivors themselves.[@R19] In contrast to comparing PRO scores, eliciting PRO contents from survivors and caregivers offers indepth insights for survivorship care and represents a critical step towards improving the content validity of PRO measures.[@R21]

Among many paediatric PROs, content coverage of several domains important to survivorship outcomes and clinical application, such as pain, fatigue, psychological stress, stigma, and meaning and purpose, requires thorough investigations. Up to 60% of childhood cancer survivors experience fatigue[@R22] and pain,[@R24] respectively, and both are key drivers of poor HRQOL.[@R25] Although paediatric cancer therapies and medical complications are stressful,[@R26] previous studies largely focused on assessing self-perceived physical stress response in the context of environmental or internal challenges rather than psychological stress response.[@R27] Besides experiencing psychological stress, survivors may also be stereotyped by peers or society. Evidence suggests that adults rate healthy children as more sociable and physically capable than children with cancer, suggesting the presence of stereotypes.[@R28] It remains unclear how cancer-related stigma or prejudice is perceived by survivors and caregivers. Despite troublesome late effects, some cancer survivors thrive. They feel that life has meaning and purpose and report positive life growth, which includes developing a sense of hopefulness, optimism and goal directedness.[@R29] We chose these five PRO domains for investigations because they are vital to paediatric cancer survivorship, typically reflecting the common issues related to late effects of cancer therapies.[@R18]Assessing these domains provides insightful clinical information as the goal of survivorship care is not merely decreasing the suffering (pain interference, fatigue, stress and stigma) but also achieving positive well-being (positive meaning and purpose) for paediatric cancer survivors.

Qualitative interviews provide a unique opportunity to explore PRO issues, especially when themes have not been fully understood. The merits of qualitative research, however, can be improved if data are abstracted, analysed or presented appropriately and meaningfully. Adopting the contents from an established PRO framework could help document and transfer raw interview data to a common metric for meaningful interpretation.

To advance PRO measures in paediatric cancer survivorship care and research, our first objective was to elicit and compare the concepts of five PRO domains (pain interference, fatigue, psychological stress, stigma, and meaning and purpose) from survivors and caregivers through semistructured interviews (SSIs). Previous paediatric cancer research has compared the choice of PRO items[@R18] or tested PRO domain scores between cancer survivors and caregivers.[@R19]However, the comparisons of PRO themes and concepts between survivors and caregivers derived from SSIs are understudied. Additionally, the methods used to quantify differences in qualitative data are limited. Through analysing PRO data from SSIs, we hypothesised that there would be differences between survivors and caregivers in elicited contents within the same PRO domains.

The second objective was to identify new PRO contents unique to paediatric cancer survivorship. We used the content (ie, item stem) from the extant paediatric item bank of the Patient-Reported Outcomes Measurement Information System (PROMIS),[@R29] the most comprehensive PRO assessment tools for children with different health conditions, as a framework to identify new concepts related to cancer survivorship. For children aged 8--17 years, the PROMIS has developed different forms (item banks, short forms and computerised adaptive tests) to assess physical, mental and social aspects of PROs.[@R36] PROs can be assessed through paediatric self-reports and parent-proxy versions, which have been evaluated with rigorous psychometric methods, including reliability, validity and responsiveness to change.[@R37] However, measurement properties, especially content and clinical validity, of the PROMIS paediatric measures have not been systematically evaluated in childhood cancer survivors. We hypothesised that new concepts will emerge from the interviews, and the findings will benefit PRO assessments for paediatric cancer survivors by adding survivorship-relevant items to the current PRO measures.

Methods {#s2}
=======

Design {#s2-1}
------

This is a a qualitative interview study with paediatric cancer survivors and caregivers recruited from the After Completion of Therapy Clinic at St Jude Children's Research Hospital (St Jude) between August and December 2016. We followed the Standards for Reporting Qualitative Research to report our findings of qualitative data.[@R42]

Participants and data collection {#s2-2}
--------------------------------

We first identified eligible participants from a list of survivors scheduled for their annual follow-up and confirmed their eligibility through electronic medical records. We recruited survivors if they were 8--17 years of age at interview, at least 2 years off therapy, and at least 5 years from cancer diagnosis, and excluded if they had lower than a third-grade reading level, a general IQ less than 70, or were identified with cancer recurrence and/or acute or life-threatening conditions that require immediate medical attention. We recruited caregivers (family members who are the most knowledgeable of the survivor's health status and provide the direct care to the survivor) if they could speak and read English, and excluded individuals with an intellectual disability or communication problems. When eligible participants arrived at the clinic, clinical research associates enquired interest of participation, and obtained assent from survivors and consent from caregivers.

Because interviewing a PRO domain often takes approximately 20 min to complete by a child and approximately 15 min by a caregiver, we randomly assigned two (out of five) PRO domains to each survivor and two to three (out of five) PRO domains to each caregiver with the goal of completing an interview within 45 min. Additionally, survivors and caregivers were assigned the domains randomly (vs exactly the same domains) because we are primarily interested in collecting comprehensive PRO contents from both survivors and caregivers rather than comparing the discordance of PROs between the paired survivors and caregivers. Researchers in the study eliminated potential bias during data collection, without any intervention or alteration.

Diagnostic information was abstracted from electronic medical records. Since some people may not be comfortable with reporting their socioeconomic status, especially personal or household incomes, we did not intend to collect socioeconomic data from participants. Given the significant associations of personal/household socioeconomic status (income, educational attainment and employment) with the level of area deprivation, we calculated the percentage of families falling below the poverty level where survivors and caregivers resided, per the US Census American Community Survey ([www.census.gov](www.census.gov)),[@R43] as a proxy of personal/household socioeconomic status.

Interview procedure {#s2-3}
-------------------

The research team developed five separate interview guides for pain interference, fatigue, psychological stress, stigma, and meaning and purpose domains ([online supplementary tables 1-5](#SP1){ref-type="supplementary-material"}), which were used by clinical research associates to conduct SSIs with study participants. Before we conducted formal interviews, we performed a pilot with four children and adolescents to understand the feasibility of the interview procedure. We specifically used debriefing techniques to identify potential problems related to ambiguity of interview questions/probes and burden that participants might perceive. The pilot only identified a few minor wording issues, suggesting the appropriateness of interview guides. The probes were created for each PRO domain to facilitate content elicitations.
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Interviews were audio-recorded and transcribed verbatim. We transcribed the interview data from audio recordings, abstracted the sentences or paragraphs that were interpretable (defined as meaning units), and mapped the meaning units to analysable formats that represent the contents of PRO items in the PROMIS banks (defined as meaningful concepts). Items of the current PROMIS paediatric item banks, derived from qualitative or quantitative methods,[@R29] were used as a framework to map the meaningful concepts of survivors and their caregivers.

The process of creating meaning units and meaningful concepts has been emphasised in previous research. For example, the codes of WHO's International Classification of Functioning, Disability and Health - Children and Youth have been used as a framework to facilitate abstracting and mapping qualitative interview data.[@R44] PROMIS has established rigorous standards to develop and validate paediatric PRO items, therefore serving a robust foundation for investigating PRO contents from our study participants. After the data were abstracted, we conducted statistical analyses to compare frequencies/amounts of qualitative information (in terms of meaningful concepts) reported by cancer survivors and caregivers.

Specifically, using the transcriptions, two content experts (JLC, CMJ) from two participating institutions independently reviewed the meaning units, compared the contents with the content of the PROMIS items, then assigned a meaning unit to a meaningful concept. Discrepancies were resolved by consensus between two senior investigators (CF, I-CH). New concepts emerged if the meaningful concepts derived from interviews with survivors and caregivers were not found in the item stems of the PROMIS item banks. The new concepts were determined based on the consensus of two content experts who compared each meaningful concept from the interviews and contents of the PROMIS item banks.

Patient and public involvement {#s2-4}
------------------------------

Our research team designed the interview guides and probes to elicit the meanings and themes of PRO concepts from childhood cancer survivors and caregivers. It was not possible to involve patients or the public in the process of designing and conducting the interviews or reporting and disseminating the results. However, prior to the formal interviews, we conducted a pilot study with four children to debrief the content and meaning of the interview questions.

Statistical analyses {#s2-5}
--------------------

We conducted statistical analyses to compare the frequencies of meaningful concepts by each PRO domain between cancer survivors and caregivers. Since two and three domains were randomly assigned to respective survivors and caregivers for interviews, they were regarded as independent samples and independent tests were used. The Wilcoxon rank-sum test was used to compare the ordinal counts of elicited meaningful concepts between cancer survivors and caregivers, and the bootstrapping techniques (500 times) were applied to calculate 95% CI for the estimated difference. The corresponding z-scores with positive values indicate high frequency of meaningful concepts derived from cancer survivors compared with caregiver, and negative values indicate the opposite direction. Data were analysed using Stata V.14. Chord diagrams were generated for each PRO domain using the Circlize program in R[@R47] to evaluate the pattern or frequency of meaningful concepts reported simultaneously by survivors and caregivers, respectively. Paired concepts used by ≥20% of survivors and caregivers, respectively, were used to generate diagrams.

Results {#s3}
=======

Characteristics of study participants {#s3-1}
-------------------------------------

[Table 1](#T1){ref-type="table"} reports the characteristics of the participants. The study included 51 survivors and 35 caregivers. The mean ages of survivors and caregivers were 13.8 and 39.6 years. Most survivors (58.8%) were white, non-Hispanic and were diagnosed with non-central nervous system solid tumour (42.3%). Most caregivers were female (90.9%) and white, non-Hispanic (68.6%). The average per cent of families below the poverty line in communities where survivors and caregivers resided was 12%.

###### 

Characteristics of study participants

  --------------------------------------------------------------------------------------------------------------
  Characteristics                                                      Survivors\   Caregivers\   P value\*
                                                                       (n=51)       (n=35)        
  -------------------------------------------------------------------- ------------ ------------- --------------
  Age at evaluation (years)                                            13.8 (2.8)   39.6 (7.0)    \<0.001

  Families in the community below county-specific poverty levels (%)   12.3 (4.6)   12.3 (4.3)    0.921

                                                                       **n (%**)    **n (%**)     **P value†**

  Sex                                                                                             

  Female                                                               31 (61)      32 (91)       0.002

  Male                                                                 20 (39)      3 (9)         

  Race/ethnicity                                                                                  

  White, non-Hispanic                                                  34 (67)      24 (69)       0.807

  Black, non-Hispanic                                                  14 (27)      10 (29)       

  Other                                                                3 (6)        1 (3)         

  Paediatric cancer diagnosis\*                                                                   

  Non-CNS solid tumour                                                 22 (42.3)    NA            

  Leukaemia                                                            17 (32.7)                  

  CNS malignancy                                                       9 (17.3)                   

  Lymphoma                                                             4 (7.7)                    
  --------------------------------------------------------------------------------------------------------------

\*Determined using Wilcoxon rank-sum tests.

†Determined using χ^2^ tests.

CNS, central nervous system; NA, not available.

Meaning units and corresponding meaningful concepts {#s3-2}
---------------------------------------------------

[Table 2](#T2){ref-type="table"} provides examples of meaning units and corresponding meaningful concepts. For pain interference, a survivor described that because of pain he/she "\[couldn't\] Play with \[sibling's name\] and \[sibling's name\]." This meaning unit was assigned the concept 'Hard to do things with family'. For the fatigue domain, a survivor described how fatigue kept him/her from doing things with friends, such as "Probably making crafts or on the trampoline." This meaning unit was assigned the concept 'Hard to play or go out with friends'. For psychological stress, a survivor felt worried and described "That I was never going to make it." This meaning unit was assigned the concept 'Felt worried something bad would happen'. For the stigma domain, a survivor reported, "Um after the boy teased me, I tried not to like let it bother me but I was still, I mean I was kind of self-conscious about my scars back then and I still kind of am now." This meaning unit was assigned the concept 'Unhappy how condition affected appearance'. For the meaning and purpose domain, a meaning unit from a survivor was "Because at St. Jude they helped me and I want to help other kids like me survive cancer and yeah." This meaning unit was given the new concept 'Want to help others'. [Online supplementary table 6](#SP1){ref-type="supplementary-material"} shows that survivors reported a higher mean number of meaning units for all PRO domains (except for psychological stress), but comparable meaningful concepts compared with caregivers.

###### 

Examples of meaning units derived from survivors and caregivers and corresponding meaningful concepts

  Survivors                                                                                                                                                                                                                                                                                                                                                           Caregivers                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------
  Pain interference                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  Existing concepts in the PROMIS item banks                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  "\[couldn't\] Play with \[sibling's name\] and \[sibling's name\]."                                                                                                                                                                                                                                                                                                 Hard to do things with family.               "The one where they blew up her bladder. Yeah oh it was awful. She screamed a lot. Yeah had a lot of pain with that and yeah so I warned her about that because she had that done several times."                                                                                                                                                                                                                                                                 Hurt a lot.
  "Less focus." (other problems pain caused)                                                                                                                                                                                                                                                                                                                          Hard to pay attention.                       "He was just in a lot of pain from it and he had to just--. I gave him medicine--he had to just chill out for the whole day."                                                                                                                                                                                                                                                                                                                                     Pain so bad had to take medicine.
  New concepts                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  "With the pain I was having I just felt like I couldn't eat. I just wanted to lay down and go to sleep."                                                                                                                                                                                                                                                            Hard to eat.                                 "Mhm, she didn't want anything to eat. I mean, she didn't want her cup or anything like that." (when she had pain)                                                                                                                                                                                                                                                                                                                                                Hard to eat.
  "So it made stuff really hard like showers were hard because they hurt so much."                                                                                                                                                                                                                                                                                    Hard to bathe/shower.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  Fatigue                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  Existing concepts in the PROMIS item banks                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  "Probably making crafts or on the trampoline." (things can't do with friends when tired)                                                                                                                                                                                                                                                                            Hard to play or go out with friends.         "This past spring, she got really really tired and it was after a lot of dance, a lot of rehearsals, lots and lots and lots."                                                                                                                                                                                                                                                                                                                                     Felt tired.
  "I always get home from school and just go to sleep."                                                                                                                                                                                                                                                                                                               Needed to sleep during the day.              "She'll probably fall asleep in the car on the way home. When she gets home, she's just kind of quiet in her room laying down."                                                                                                                                                                                                                                                                                                                                   Needed to sleep during the day.
  New concepts                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  "Like if I'm wanting to walk around and I'm just so tired, I have to like, I can't I have to sit down and just chill out."                                                                                                                                                                                                                                          Too tired to walk.                           "Sometimes she's just kind of ill and cranky and, um, don't mess with me type of attitude." (when she is fatigued)                                                                                                                                                                                                                                                                                                                                                Felt irritable.
  "Well, just that um by, I guess, by getting tired, it's harder to move as fast and just be able to keep the speed up to get back, I guess."                                                                                                                                                                                                                         Too tired to move.                           "And then he'll fall asleep in class." (because child is tired)                                                                                                                                                                                                                                                                                                                                                                                                   Fell asleep at school.
  Psychological stress                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Existing concepts in the PROMIS item banks                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  "That I was never going to make it." (thoughts when stressed during sickness episode)                                                                                                                                                                                                                                                                               Felt worried.                                "\[Child's\] stress was more, I don't think so much about doing the heart cath itself. It was that, 'I'm not going to be able to possibly play football anymore,' and that upset him."                                                                                                                                                                                                                                                                            Felt distressed.
  "Emotions... that I was feeling bad and stuff like that." (how child felt when stressed)                                                                                                                                                                                                                                                                            Felt distressed.                             "And it's just every little detail, he was worried about. Is my stance right, what's going on, I've hit before and now I can't, I'm not getting hits."                                                                                                                                                                                                                                                                                                            Felt worried.
  New concepts                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  "Faster heartbeat but that's just part of being stressed." (child's physical experience of stress)                                                                                                                                                                                                                                                                  Physical experience of stress.               "Her blood pressure will be high." (when child is stressed)                                                                                                                                                                                                                                                                                                                                                                                                       Physical experience of stress.
  Stigma                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  Existing concepts in the PROMIS item banks                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  "I guess my perception on things is different than other people's perception. It's harder for me to do some things than others."                                                                                                                                                                                                                                    Felt different from others my age.           "Just would say, 'You are cross eyed or cock-eyed' or 'You have a lazy eye.'" (how others would bully child)                                                                                                                                                                                                                                                                                                                                                      Others my age bullied me.
  "Um after the boy teased me, I tried not to like let it bother me but I was still, I mean I was kind of self-conscious about my scars back then and I still kind of am now."                                                                                                                                                                                        Unhappy how condition affected appearance.   "Or they look at him and then their reaction on their face, of, you know, disapproval."                                                                                                                                                                                                                                                                                                                                                                           Others my age seemed uncomfortable.
  New concepts                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  "Because they didn't quite understand about it, or know they were being mean or anything." (Why did they tease you?)                                                                                                                                                                                                                                                Others didn't understand me.                 "He told his story in a poem and they then realized what happened, and people were in awe and they started treating him differently. And they realized that it was -- that he had went through a lot of things, um, and that the cause of his, you know, his as far as his eye kind of looking the way it is. They didn't realize -- they just didn't know the story and once they heard the story, they kind of changed their, um, tone as far as being mean."   Others treated me differently.
  "It's just when you treat me differently I'm just like you know, don't do that like you don't have to change how you treat me because of my past so I'll just tell them like I'm fine now but after I tell them cancer, they're like oh my goodness. And I'm like it's okay you know. So I just do that, and like have yearly checkups and so it's all good now."   Others treated me differently.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  Meaning and purpose                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  Existing concepts in the PROMIS item banks                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  "To have all as the rest of my life when I'm in school and have a really big house and being able to be a doctor at St. Jude." (important goals)                                                                                                                                                                                                                    Have goals for myself.                       "And so for her, to be able to give a person the nose that they want, or to help them look the same after a bad accident or something, for her, that's going to be perfect down the line. So right now, she's trying to line up the academics to make that happen." (child's goals)                                                                                                                                                                               Things I want to do in life.
  "Like, because when I had cancer and stuff, I mean, I could've died."                                                                                                                                                                                                                                                                                               Pleased to be alive.                         "He just -- he is here for a purpose to either bring our family close together or he is here to mentor or show someone else that, um, no matter what you go through, it could be worse. Or you know, it -- it could always get better."                                                                                                                                                                                                                           Purpose in life.
  New concepts                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  "Because at St. Jude they helped me and I want to help other kids like me survive cancer and yeah." (why being doctor a goal)                                                                                                                                                                                                                                       Want to help others.                         "She decided at one point in time that that's what she wanted to do when she was older, because she wanted to help kids that didn't have anywhere to go really."                                                                                                                                                                                                                                                                                                  Want to help others.

PROMIS, Patient-Reported Outcomes Measurement Information System.

Top meaningful concepts {#s3-3}
-----------------------

[Table 3](#T3){ref-type="table"} reports the top meaningful concepts by individual PRO domains. The top meaningful concepts represent those concepts that were reported most frequently by survivors and caregivers (not accounting for the frequency count per participant). The most frequent pain interference concept reported by both survivors (66%) and caregivers (92%) was 'Hurt a lot'. For fatigue, 'Needed to sleep during the day' and 'Trouble doing schoolwork' were the most frequent concepts reported by survivors (57%), and 'Felt tired' was the most frequent concept reported by caregivers (77%). The ranking for concepts of psychological stress between survivors and caregivers was similar: 'Felt worried' was the most frequent concept reported by survivors (47%), and 'Felt distressed' and 'Felt stressed' tied for the most frequent concept by caregivers (64%). For stigma, 'Others my age made fun of me' was rated the top concept for survivors (50%), and 'Others my age bullied me' was the top concept for caregivers (75%). For meaning and purpose, 'Purpose in life' was rated the most frequent concept by both survivors (70%) and caregivers (69%).

###### 

Top meaningful concepts reported by survivors and caregivers

  Survivors                                         Count (%)   Caregivers                                       Count (%)
  ------------------------------------------------- ----------- ------------------------------------------------ -----------
  Pain interference\*                                                                                            
   Hurt a lot                                       12 (66)     Hurt a lot                                       12 (92)
   Hard to do sports/exercise                       9 (50)      Pain so bad had to take medicine                 7 (54)
   Hard to pay attention                            9 (50)      So much pain had to stop what he/she was doing   7 (54)
   So much pain had to stop what he/she was doing   8 (44)      Felt grumpy                                      6 (46)
   Trouble moving around                            8 (44)      Trouble moving around                            6 (46)
  Fatigue\*                                                                                                      
   Needed to sleep during the day                   12 (57)     Felt tired                                       10 (77)
   Trouble doing schoolwork                         12 (57)     Felt irritable†                                  8 (62)
   Felt tired                                       11 (52)     Needed to sleep during the day                   8 (62)
   Hard to pay attention                            10 (48)     Did not have much energy                         7 (54)
   Did not have much energy                         9 (43)      Body moves slower†                               6 (46)
   Felt irritable†                                  9 (43)                                                       
  Psychological stress\*                                                                                         
   Felt worried                                     9 (47)      Felt distressed                                  9 (64)
   Felt distressed                                  7 (37)      Felt stressed                                    9 (64)
   Felt stressed                                    7 (37)      Felt worried                                     8 (57)
   Physical experience of stress†                   6 (32)      Felt under pressure                              7 (50)
   Felt panicky                                     5 (26)      Felt frustrated                                  6 (43)
  Stigma\*‡                                                                                                      
   Others my age made fun of me                     7 (50)      Others my age bullied me                         6 (75)
   Felt different from others my age                6 (43)      Others my age made fun of me                     3 (38)
   Unhappy how condition affected appearance        6 (43)      Others my age seemed uncomfortable               3 (38)
   Others treated me differently†                   5 (36)      Others treated me differently†                   3 (38)
   Felt left out of things                          4 (29)                                                       
   Others my age bullied me                         4 (29)                                                       
  Meaning and purpose\*                                                                                          
   Purpose in life                                  14 (70)     Purpose in life                                  11 (69)
   Meaning in life                                  13 (65)     Things I want to do in life                      11 (69)
   Have goals for myself                            12 (60)     Expect to have family in the future              9 (56)
   Expect to have job in the future                 9 (45)      Expect to have job in the future                 9 (56)
   Want to help others†                             9 (45)      Meaning in life                                  9 (56)

\*See [online supplementary figures 1--5](#SP1){ref-type="supplementary-material"} for a full list of meaningful concepts for pain interference (33 concepts), fatigue (36 concepts), stress (37 concepts), stigma (17 concepts), and meaning and purpose (39 concepts).

†New concept generated from semistructured interviews.

‡Only top 4 concepts listed from caregivers because the fifth concept was a tie between three concepts.

Number of meaningful concepts between survivors and caregivers {#s3-4}
--------------------------------------------------------------

[Table 4](#T4){ref-type="table"} compares the number of meaningful concepts reported by survivors and caregivers. Overall, for the domains of pain interference, fatigue, and meaning and purpose, survivors reported more concepts than caregivers. For the pain interference domain, survivors reported the concepts 'Hard to sit' (0.22 vs 0, p\<0.001) and 'Hard to run' (0.33 vs 0, p\<0.001) more frequently than did caregivers. For the fatigue domain, survivors reported the concepts 'Kept me from having fun' (0.33 vs 0, p\<0.001) and 'Got tired easily' (0.19 vs 0, p\<0.001) more frequently than did caregivers; however, the concept 'Body moves slower' was reported less often by survivors than did caregivers (0.05 vs 0.54, p\<0.001). For the psychological stress domain, survivors reported 'Worried something bad would happen' (0.37 vs 0, p\<0.001) and 'Felt scared' (0.37 vs 0, p\<0.001) more often than did caregivers. The concepts less frequently reported by survivors than caregivers under psychological stress included 'Felt like fighting' (0 vs 0.36, p\<0.001) and 'Lost temper easily' (0 vs 0.36, p=0.001). For the stigma domain, 'Others my age avoided me' was reported more frequently by survivors than caregivers (0.64 vs 0, p=0.001), and 'Tended to blame myself for my problems' (0.25 vs 0, p=0.001) was endorsed more frequently by caregivers than survivors. For the meaning and purpose domain, survivors endorsed 'Expect to enjoy future life' (0.20 vs 0, p\<0.001) more often than did caregivers; instead, survivors used 'Satisfied with purpose in life' (0 vs 0.25, p\<0.001) less often than did caregivers. [Online supplementary figures 1--5](#SP1){ref-type="supplementary-material"} show the mean frequency of PRO contents reported by survivors and caregivers. Except for psychological stress, more than 50% of contents in the PROMIS measures were used by survivors and caregivers. Additionally, 11, 6 and 2 new concepts for fatigue, pain and stigma domains, respectively, were identified; one new concept for psychological stress and one new concept for meaning and purpose domains were identified. Based on the new concepts, 21 new items were created (see a list in [online supplementary figure 1](#SP1){ref-type="supplementary-material"}--5). In addition, there was no difference in the total meaningful concepts across four major cancer diagnoses (ie, central nervous system tumours, leukaemia, lymphoma and solid tumours) for all PRO domains reported by cancer survivors and caregivers, respectively, except for pain domain in cancer survivors ([online supplementary table 7](#SP1){ref-type="supplementary-material"}).

###### 

Comparison of numbers of meaningful concepts used by survivors and caregivers

  Meaningful concepts                                                Mean (SD) of frequency   Wilcoxon rank-sum test                           
  ------------------------------------------------------------------ ------------------------ ------------------------ ------- --------------- ---------
  Pain interference                                                  n=18                     n=13                                             
   Hard to sit\*                                                     0.22 (0.43)              0 (0)                    3.5     0.79 to 2.79    \<0.001
   Hard to run                                                       0.33 (0.69)              0 (0)                    3.85    0.88 to 2.70    \<0.001
   Needed help walking                                               0.17 (0.51)              0 (0)                    3.09    0.45 to 1.99    0.002
   Hard to do sports/exercise                                        0.78 (0.94)              0.23 (0.83)              2.7     0.60 to 3.80    0.007
   Hard to pay attention                                             1.22 (1.52)              0.23 (0.60)              2.67    0.56 to 3.66    0.008
   Felt angry                                                        0.50 (0.71)              0.01 (0.28)              2.61    0.49 to 3.44    0.009
   Hard to stay standing                                             0.33 (0.49)              0.08 (0.28)              2.13    0.13 to 3.18    0.033
   Walked carefully                                                  0.33 (0.14)              0.08 (0.28)              1.69    −0.22 to 3.02   0.09
   Pain so bad had to take medicine                                  0.44 (0.70)              1.08 (1.19)              −1.61   −3.38 to 0.33   0.107
   Felt grumpy                                                       0.28 (0.67)              0.54 (0.18)              −1.47   −3.52 to 0.51   0.143
   Hurt a lot                                                        1.39 (0.31)              2.00 (0.41)              −1.33   −3.01 to 0.57   0.182
  Fatigue                                                            n=21                     n=13                                             
   Kept me from having fun                                           0.33 (0.58)              0 (0)                    4.14    1.10 to 3.08    \<0.001
   Got tired easily                                                  0.19 (0.40)              0 (0)                    3.62    0.76 to 2.54    \<0.001
   Too tired to eat                                                  0.14 (0.36)              0 (0)                    3.17    0.54 to 2.28    0.002
   Too tired to walk\*                                               0.19 (0.51)              0 (0)                    3.33    0.58 to 2.23    0.001
   Too tired to talk                                                 0.19 (0.51)              0 (0)                    3.22    0.55 to 2.29    0.001
   Too tired to read (for school)                                    0.14 (0.48)              0 (0)                    3.01    0.39 to 1.86    0.003
   Too tired to go up and down stairs                                0.10 (0.30)              0 (0)                    3.15    0.43 to 1.83    0.002
   Trouble doing schoolwork                                          0.95 (1.16)              0.23 (0.44)              2.42    0.40 to 3.78    0.016
   Felt weak                                                         0.38 (0.67)              0.77 (0.28)              1.94    −0.02 to 2.98   0.052
   Too tired to think\*                                              0.21 (0.41)              0.08 (0.28)              1.87    −0.07 to 2.95   0.061
   Body moves slower\*                                               0.05 (0.22)              0.54 (0.66)              −3.55   −4.46 to 1.29   \<0.001
   Fell asleep at school\*                                           0 (0.0)                  0.08 (0.28)              −2.98   −2.11 to 0.43   0.003
   Too tired to enjoy things I like to do                            0.05 (0.22)              0.31 (0.13)              −2.23   −3.85 to 0.25   0.025
   Felt irritable\*                                                  1.00 (1.30)              1.85 (1.57)              −1.62   −3.40 to 0.33   0.106
  Psychological stress                                               n=19                     n=14                                             
   Worried something bad would happen                                0.37 (0.76)              0 (0)                    3.85    0.88 to 2.71    \<0.001
   Felt scared                                                       0.37 (0.83)              0 (0)                    3.87    0.89 to 2.71    \<0.001
   Too many things to do                                             0.16 (0.37)              0 (0)                    3.54    0.69 to 2.38    \<0.001
   Unable to remember answers, even for questions I knew answer to   0.16 (0.37)              0 (0)                    3.51    0.68 to 2.39    \<0.001
   Felt fearful                                                      0.11 (0.32)              0 (0)                    3.23    0.49 to 1.98    0.001
   Felt secure                                                       0.11 (0.32)              0 (0)                    3.25    0.49 to 1.98    0.001
   Felt in control of my life                                        0.16 (0.50)              0 (0)                    3.31    0.50 to 1.96    0.001
   Unable to manage things in my life                                0.11 (0.32)              0 (0)                    3.25    0.49 to 1.98    0.001
   Felt panicky                                                      0.07 (0.27)              0 (0)                    1.75    −0.18 to 3.11   0.081
   Felt like fighting                                                0 (0)                    0.36 (0.63)              −4.23   −3.58 to 1.31   \<0.001
   Lost temper easily                                                0 (0)                    0.36 (0.63)              −4.01   −3.64 to 1.25   \<0.001
   Felt annoyed                                                      0 (0)                    0.14 (0.36)              −3.42   −2.63 to 0.71   0.001
   Thinking was slow                                                 0 (0)                    0.14 (0.53)              −3.17   −1.88 to 0.44   0.002
   Trouble concentrating                                             0 (0)                    0.14 (0.36)              −3.24   −2.69 to 0.66   0.001
   Small things upset me                                             0 (0)                    0.07 (0.27)              −3.06   −1.91 to 0.42   0.002
   Felt nervous                                                      0 (0)                    0.07 (0.27)              −3.10   −1.90 to 0.43   0.002
   Too much going on                                                 0 (0)                    0.07 (0.27)              −2.98   −1.93 to 0.40   0.003
   Felt angry                                                        0.05 (0.23)              0.79 (1.25)              −2.66   −4.00 to 0.61   0.008
   Felt under pressure                                               0.37 (1.01)              1.00 (1.24)              −1.79   −3.69 to 0.17   0.073
   Felt distressed                                                   0.63 (0.96)              1.29 (1.27)              −1.62   −3.58 to 0.34   0.104
   Felt stressed                                                     0.47 (0.77)              0.79 (0.70)              −1.61   −3.43 to 0.37   0.108
  Stigma                                                             n=14                     n=8                                               
   Others my age avoided me                                          0.64 (1.86)              0 (0)                    3.20    0.53 to 2.21    0.001
   Felt different from others my age                                 1.07 (1.64)              0.25 (0.46)              1.17    −0.71 to 2.78   0.243
   Tended to blame myself for my problems                            0 (0)                    0.25 (0.46)              −3.34   −3.94 to 0.79   0.001
   Others my age bullied me                                          0.50 (1.09)              0.88 (0.64)              −1.88   −3.70 to 0.06   0.042
   Others my age seemed uncomfortable                                0.29 (1.07)              0.63 (0.92)              −1.54   −3.58 to 0.43   0.125
   Feel embarrassed about condition                                  0.07 (0.27)              0.26 (0.74)              −1.16   −3.23 to 0.83   0.245
   Because of condition, others were mean to me                      0.21 (0.80)              0.16 (0.46)              −1.00   −3.06 to 1.00   0.320
  Meaning and purpose                                                n=20                     n=16                                             
   Expect to enjoy future life                                       0.20 (0.09)              0 (0)                    3.65    0.87 to 2.88    \<0.001
   Expect good things to happen                                      0.15 (0.28)              0 (0)                    3.80    0.77 to 2.42    \<0.001
   Life is filled with important things                              0.06 (0.25)              0 (0)                    2.57    0.49 to 3.61    0.010
   Have goals for myself                                             1.05 (1.32)              0.31 (0.48)              2.31    0.30 to 3.67    0.021
   Expect to achieve what I want in life                             0.3 (0.47)               0.06 (0.25)              2.12    0.13 to 3.40    0.034
   Want to help others\*                                             0.9 (1.25)               0.25 (0.58)              2.04    0.07 to 3.47    0.041
   Expect to succeed at what I try                                   0.3 (0.57)               0.06 (0.25)              1.72    −0.21 to 3.21   0.086
   Things I need to do in life                                       0.2 (0.41)               0.06 (0.25)              1.38    −0.49 to 2.82   0.166
   Satisfied with purpose in life                                    0 (0)                    0.25 (0.57)              −3.54   −3.09 to 0.89   \<0.001
   Things I want to do in life                                       0.25 (0.44)              0.88 (0.72)              −3.33   −4.43 to 1.15   0.001
   Expect to have success in future                                  0 (0)                    0.13 (0.34)              −3.23   −2.58 to 0.63   0.001
   Know where I am going in life                                     0.10 (0.31)              0.44 (0.51)              −2.53   −4.06 to 0.52   0.011
   Make plans for future                                             0.05 (0.22)              0.25 (0.45)              −1.91   −3.44 to 0.05   0.056
   Expect to have family in the future                               0.70 (1.83)              0.75 (0.86)              −1.51   −3.49 to 0.45   0.131
   Life is filled with things that interest me                       0.25 (0.55)              0.56 (0.72)              −1.52   −3.47 to 0.44   0.129
   Have goals for future                                             0.25 (0.55)              0.50 (0.63)              −1.57   −3.24 to 0.36   0.116

\*New concepts generated from the semistructured interviews.

Patterns of meaningful concepts concurrently reported {#s3-5}
-----------------------------------------------------

[Figures 1--5](#F1 F2 F3 F4 F5){ref-type="fig"} show the pairs of concepts reported simultaneously by survivors and caregivers. In these figures, the darker the colour of the line, the higher the frequency in reporting paired concepts, and the wider the arc on a circle the higher the frequency of reporting the concept. For all domains, the patterns for two simultaneous concepts were different between survivors and caregivers. For example, in the pain interference domain, 'Hurt a lot' was often reported together with 'Hard to do sports/exercise', 'Had to pay attention' and 'Felt sad' by survivors. In contrast, 'Hurt a lot' was often reported together with 'Pain so bad had to take medicine', 'Had to stop what was doing' and 'Grumpy' by caregivers ([figure 1](#F1){ref-type="fig"}). In the fatigue domain, 'Felt tired' was reported simultaneously with 'Felt irritable' by caregivers, but not reported by survivors ([figure 2](#F2){ref-type="fig"}). When survivors felt stressed, caregivers perceived more psychological distress (eg, 'Felt distressed', 'Felt frustrated', 'Felt overwhelmed', 'Felt worried') than did survivors (eg, 'Felt worried') ([figure 3](#F3){ref-type="fig"}). In the stigma domain, 'Others my age made fun of me' was paired with 'Others my age bullied me' for caregivers, but was not reported by survivors ([figure 4](#F4){ref-type="fig"}). For the meaning and purpose domain, 'Expect to have job in the future' was frequently reported with 'Meaning in life' by survivors, but was commonly paired with 'Expect to have family in the future' by caregivers ([figure 5](#F5){ref-type="fig"}).

![Patterns of meaningful concepts in pain interference concurrently reported by survivors and caregivers. Note: A meaningful concept was included in the chord diagram if the frequency of paired concepts reported by survivors and caregivers, respectively, was at least 20%.](bmjopen-2019-032414f01){#F1}

![Patterns of meaningful concepts in fatigue concurrently reported by survivors and caregivers. Note: A meaningful concept was included in the chord diagram if the frequency of paired concepts reported by survivors and caregivers, respectively, was at least 20%.](bmjopen-2019-032414f02){#F2}

![Patterns of meaningful concepts in psychological stress concurrently reported by survivors and caregivers. Note: A meaningful concept was included in the chord diagram if the frequency of paired concepts reported by survivors and caregivers, respectively, was at least 20%.](bmjopen-2019-032414f03){#F3}

![Patterns of meaningful concepts in stigma concurrently reported by survivors and caregivers. Note: A meaningful concept was included in the chord diagram if the frequency of paired concepts reported by survivors and caregivers, respectively, was at least 20%.](bmjopen-2019-032414f04){#F4}

![Patterns of meaningful concepts in meaning and purpose concurrently reported by survivors and caregivers. Note: A meaningful concept was included in the chord diagram if the frequency of paired concepts reported by survivors and caregivers, respectively, was at least 20%.](bmjopen-2019-032414f05){#F5}

Discussion {#s4}
==========

This study applied novel methods to compare meaningful concepts of PROs elicited from qualitative interviews between childhood cancer survivors and caregivers. The results suggest that PRO issues relevant to survivorship (pain interference, fatigue, stigma, psychological stress, and meaning and purpose) concerned by survivors and caregivers were different. Using the PROMIS item banks as a framework, we identified new concepts from each PRO domain that were not captured by item stems in the current PROMIS banks. By extending previous research that prioritised PRO items[@R18] or compared discrepant PRO scores between survivors and caregivers,[@R19] this study provides a deeper understanding regarding the conceptualisation of PROs, which might benefit refining PRO measures for childhood cancer survivors and targeting specific PRO issues for interventions.

Pain and fatigue are the most common symptoms experienced by survivors of paediatric cancers.[@R48] Without appropriate treatment, these symptoms may persist in adulthood and adversely affect daily functioning.[@R9] We found several pain interference and fatigue meaningful concepts that were expressed more often by survivors than by caregivers. Intuitively, for survivors these concepts tended to be performance-based (eg, 'Hard to do sports/exercise', 'Hard to pay attention' and 'Trouble doing schoolwork'). New concepts reported by survivors were physically relevant (eg, 'Hard to bathe/shower' and 'Hard to walk'), whereas those by caregivers were emotionally relevant (eg, 'Felt sad' and 'Felt irritated when tired'). These findings support that unique features of pain and fatigue reported by survivors and caregivers should be considered for inclusion into the extant PROMIS system.

Theoretically, psychological stress encompasses the emotional, cognitive and somatic reaction to stress. We found that survivors felt distressed about their current situation and worried that something bad would happen in the future. In contrast, caregivers expressed more aggressive psychological distress concepts than did survivors (eg, 'Felt like fighting', 'Lost temper easily', 'Felt angry'). This finding suggests that survivors with stress may display temper issues which caregivers observe. It is critical to screen stress issues (sources and types) during follow-up care because childhood cancer survivors who report stress with uncertainty and worry are at increased risk of alcohol abuse and/or smoking.[@R51] Additionally, experiencing stress during childhood may lead to physiological dysfunction and chronic health diseases in adulthood.[@R54]

Individuals' perceptions about children with cancer-related disabilities (eg, body image, neurocognitive deficits, and delays in social and academic skills) can lead to stereotypic reactions. In one study, friends and neighbours of children with chemotherapy-related hair loss endorsed embarrassment and discomfort, which survivors perceived as avoidance or unfriendliness.[@R56] Stigmatisation perceived by both survivors and caregivers was related to psychological and behavioural problems (eg, 'Others my age made fun of me', 'Others my age bullied me', 'Others my age seemed uncomfortable', 'No one understands me'). This negative stigmatisation raises clinical concerns, as perceived discrimination in adolescents has been associated with an elevated risk of behavioural problems in the future (eg, cigarette/marijuana smoking, alcohol use or other drug abuse).[@R57] Also, perceived stigmatisation may inhibit adolescent cancer survivors from discussing follow-up care plans with caregivers or health professionals, which is a barrier to seeking survivorship care.[@R58]

Childhood cancer is a traumatic event, but some survivors embrace a new normal, life goals and life perspective, which result in greater appreciation for life, less worrying and increased empathy for others.[@R59] Our study found that both survivors and caregivers valued 'Purpose in life' and 'Meaning in life' as top concepts. Survivors and caregivers also identified 'Have goals for myself' and 'Things I want to do in life' as top concepts, which share a similar meaning. In our study, several interesting concepts not included in the extant PROMIS measures emerged (eg, 'Want to help others'). Survivors typically stated that they would like to become a medical doctor in the future to cure children with cancer. Surviving difficult therapies, coupled with encouragement and hopefulness from the healthcare team, has been reported to result in survivors developing a deeper appreciation for life and empathy.[@R61]

This study has important implications for survivorship care and research. The discrepancy in PRO concepts highly ranked by survivors and caregivers underscores the usefulness of collecting PROs from both groups. Collecting PROs from caregivers is not to substitute those from survivors, but rather to supplement clinically important PRO content not reported by survivors (eg, hostile behaviours related to stress). PROMIS possesses an advantage over other PRO measures because PROMIS measures, especially domain-specific item banks, were created to capture comprehensive PRO concepts for children with different health conditions. However, novel findings from our study suggested that the extant PROMIS paediatric measures may not comprehensively capture PROs relevant to paediatric cancer survivorship. Based on new concepts identified from qualitative interviews with cancer survivors and caregivers, we created 21 new PRO items corresponding to 21 new concepts (11, 6, 2, 1 and 1 for fatigue, pain, stigma, psychological stress, and meaning and purpose domains). To evaluate measurement properties of these new concepts, future studies are needed to cocalibrate new items alongside extant PROMIS items on the established metric for dimensionality assessment, followed by testing clinical validity for survivor-specific short forms (ie, associations with clinically relevant variables including severity or a change of late adverse effects). Our approach is in line with renewed PRO measurement systems (eg, PROMIS[@R62] and European Organisation for Research and Treatment of Cancer[@R63]) to improve content validity and measurement properties of the PRO measures.

In addition to improving PRO measures, a list of concepts created from this study will alert clinicians to explore potential PRO problems that at-risk survivors may experience (eg, high frequencies of pain interference among survivors of lymphoma and leukaemia vs other diagnoses) during the survivorship follow-up care, which can be followed with standard surveys or structured interviews to diagnose psychobehavioural problems. We encourage our oncology community to develop effective communication guidelines to assist clinicians in discussing PROs during clinical encounters.

This study has some limitations. First, we focused on survivors treated at a single institution, whose experience with PROs may be different from those at other institutions. However, our survivor group represents various cancer diagnoses, ages and races/ethnicities, and includes families residing in counties with community poverty levels similar to the national average (11.0%).[@R43] Second, due to a small sample size, we did not explore thematic differences across diagnoses or treatment modalities. Survivors who received more intensive modalities may have endorsed unique PRO concepts differing from those who received fewer intensive therapies. Third, we did not compare results between mothers and fathers, as most caregivers were mothers. Mothers may have more conservative perspectives on their child's health than do fathers.[@R64]

In conclusion, the use of qualitative methods showed that the content of five PROMIS domains may not fully capture the experiences of childhood cancer survivors. Moreover, PRO concepts generated from survivor and caregiver interviews are complementary. The creation of 21 new PRO items through interview data paves a foundation for future research to test measurement and clinical validity towards improving PRO measures for paediatric cancer survivorship.
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